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FUEEKRCHMEMOR.ANDUM 

for the 

U. S. Air Force 

INTERIM REF'ORT ON FREE-SPINNING AND FECOVERY 

CHARACTEKtSTICS OF A l/l&SCAI& MODEL OF THE RYAN X-13 

AJRPLfWEASDE?TEBMINEDFROMTESTS INTmLANGLEiY 20-FOOT 

FREE-SPINNING TUNNZL 

By James S. Bowman, Jr. 

SUMMARY 

An investigation is being conducted in the Langley X)-foot free- 
spinning tunnel on a l/&scale model of the Ryan X-13 airplane to deter- 
mine its spin and recovery characteristics. The spin and recovery char- 
acteristics determined to date are presented in this report. 

Model test results indicate that two types of spins may be possible: 
one, a fairly steady flat spin; and the other, a violently oscillatory 
spin. Recoveries by rudder reversal or by rudder reversal accompanied 
by moving the elevator down may not be possible when ailerons are deflec- 
ted against the spin. Satisfactory recoveries can be obtained by rever- 
sing the rudder to full against the spin and simultaneously moving the 
ailerons to full with the spin. The controls should be neutralized imme- 
diately after recovery in order to avoid entering a spin in the opposite 
direction. The extension of the landing gesr will have little or no effect 
on the spin and recovery chsracteristics of the airplane. 

INTRODUCTION 

In accordance with a request by the U. S. Air Force, an investiga- 
tion is being conducted to determine the spin and recovery characteristics 
of a l/&scale model of the Ryan X-13 airplane. Test results previously 
completed to determine the size parachute required for emergency spin 
recovery during demonstration spins were presented in reference 1. The 
spin and recovery characteristics for the normal-weight loading with hook 
a& presented in- this 
simulated. 
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An appendix is included which presents a general description of the 
model testing technique, the precision with which model test results and 
mass characteristics are determined, variations of model mass character- 
istics occurring during tests, and a general comparison between model and 
airplane results. 
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SYMBOLS 

wing span, ft 

wing axea, ft2 

mean aerodynamic chord, ft 

ratio of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord to mean aerodynamic chord; 

X is measured in wing chord plane 

ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive IThen 
center of gravity is below line) 

mass of airplane, slugs 

moments of inertia about X, Y, and Z body axes respectively, 
slug-ft2 

inertia yawing-moment parameter 

inertia rolling-moment parameter 

inertia pitching-moment parameter 

air density, slug/cu ft 

relative density of airplane, m 
PSb 

angle between fuselage reference line and vertical (approxi- 
mately equal to absolute value of angle of attack at plane 
of symmetry), deg 

angle between span axis and horizontal, deg 
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V full-scale true rate of descent, ft/sec 

R full-scale angular velocity about spin axis, rps 

MODEL AND TEST CONDITIONS 

3 

The l/U%scale model of the Ryan X-13 airplane was built at the 
Langley Laboratory of the National Advisory Committee for Aeronautics. 
A three-view drawing of the model is shown in figure 1 and a photograph 
of the model as tested is shown in figure 2. The dimensional character- 
istics of the airplane are presented in table I. 

The model was ballasted to obtain dynamic similarity to the airplane 
at an altitude of 25,000 feet (p = 0.001065 slug/cu ft). The loading con- 
ditions possible on the X-13 airplane and the loading tested on the model I 
are presented in table II. 

A remote-control mechanism was installed in the model to actuate the 
controls for the recovery attempts. Sufficient hinge moments were exerted 
on the controls for the recovery attempts to reverse them fully and rapidly. 

The ailerons and elevators sre combined into one control known as 
elevons. (See fig. 1.) In determining the control deflection of the 
elevons, the movement of the ailerons and elevators are additive. The 
maximum control deflections (measured perpendicular to the hinge line) 
used were: 

Rudder, deg ..................... 25 right, 25 left 
Ailerons, deg ................... 17.5 up, 17.5 down 
Elevators, deg .................. 22.5 UP, 2.5 d0m 

RESULTS AND DISCUSSION 

The results of the spin and recovery tests are presented in chsrt 1. 
Spins to the right and left were similar and the results are arbitrsrily 
presented in terms of right spins. Only brief tests were conducted with 
the normal center-of-gravity position of 32.5 percent mean aerodynamic 
chord because developed model spins could be obtained for this center- 
of-gravity position only after numerous attempts. In order to expedite 
the test program, tests were conducted for a center-of-gravity position 
of 29.5 percent C where spins could be obtained more readily than for 
the normal center-of-gravity position. The results are considered to be 
representative of those obtainable for the normal center-of-gravity posi- 
tion, inasmuch as the spin and recovery characteristics were generally 
similar to those for the normal center-of-gravity position. 
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The results indicate that two types of spins may be possible on the 
airplane, one a fairly steady flat spin and the other a violently oscil- 
latory spin. Both types of spins were obtained with the ailerons deflected 
to full against the spin but for other aileron settings, when a spin was 
obtained, only the more steady type of spin was indicated as being possible. 

The model results show that it may not be possible to recover from 
a developed spin by reversal of the rudder alone. Aileron against the 
spin deflections were adverse to recovery and should be avoided on spins 
of this airplane. Moving the ailerons to with the spin in conjunction 
with reversal of the rudder, however, resulted in satisfactory recovery 
characteristics when the ailerons were moved to at least two-thirds with 
the spin. Tests in which the ailerons alone were moved to with the spin 
indicated that the ailerons are the primary control for recovery. When 
ailerons were moved with the spins during recovery attempts, the model 
almost invsriably entered a spin in the opposite direction after recovering 
from the initial spin. This indicated that the pilot must neutralize con- 
trols on the airplane immediately after recovery and exercise extreme 
caution to avoid entering a spin in the opposite direction. An analysis 
of the effects of elevator movement on the recovery characteristics showed 
that rudder reversal accompanied by movement of the elevator down would 
be inadequate for satisfactory recovery. 

The optimum control technique for recovery is reversal of the rudder 
to full against the spin and simultaneous movement of the ailerons to full 
with the spin, followed by moving the elevator to neutral. The airplane 
may very quickly enter a spin in the opposite direction and the pilot 
should neutralize all controls immediately after recovery. 

Effect of landing gear.- An analysis based on reference 2 indicates 
that the landing gear will have little or no effect on the spin and recovery 
characteristics of this airplane. 

CONCLUSIONS 

Based on the results of tests of a l/&scale model of the Ryan X-13 
airplane, the following conclusions regarding the spin and recovery char- 
acteristics of the airplane at an altitude of 23,000 feet are made: 

1. Two types of spins may be possible on the airplane, one a fairly 
steady, flat spin and the other a violently oscillatory spin. 

2. Ailerons-against deflections should be avoided during spins. 

3. The optimum control technique for recovery is reversal of the 
rudder to full against the spin and simultaneous movement of the ailerons 
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to full with the spin followed by moving the elevator to neutral. The 
airplane may very quickly enter another spin in the opposite direction, 
however, and caution should be exercised to avoid entering another spin 
by neutralizing all controls immediately after recovery. 

4. The spin and recovery characteristics of the airplane will not 
be appreciably affected by extension of the landing gear. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., July 2T9 1955. 

c/ James S. Bowman, Jr. 
Aeronautical Research Scientist 
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APPEXDIX 

METHODS AND PRECISION 

Model Testing Technique 

NACA RM SL55HO8 

The operation of the Langley 20-foot free-spfnning tunnel is generally 
similar to that described in reference 3 for the Langley 15-foot free- 
spinning tunnel except that the model-launching technique is different. 
With the controls set in the desired position, a model is launched by 
hand with rotation into the vertically rising air stream. After a number 
of turns in the established spin, a recovery attempt is made by moving 
one or more controls by means of a remote-control mechanism. After recov- 
ery, the model dives into a safety net. The tests are photographed with 
a motion-picture camera. The spin data obtained from these tests are 
then converted to corresponding full-scale values by methods described 
in reference 3. 

Spin-tunnel tests are usually performed to determine the spin and 
recovery characteristics of a model for the normal spinning-control con- 
figuration (elevator full up, lateral controls neutral, and rudder full 
with the spin) and for various other lateral control and elevator com- 
binations including neutral and maximum settings of the surfaces. Recov- 
ery is generally attempted by rapid full reversal of the rudder, by rapid 
full reversal of both rudder and elevator, or by rapid full reversal of 
the rudder simultaneously with moving ailerons to full with the spin. 
The particular control manipulation required for recovery is generally 
dependent on the mass and dimensional characteristics of the model (refs. 4 
and 5). Tests are also performed to evaluate the possible adverse effects 
on recovery of small deviations from the normal control configuration for 
spinning. For these tests, the elevator is set at either full up or two- 
thirds of its full-up deflection and the lateral controls are set at one- 
third of full deflection in the direction conducive to slower recoveries, 
which may be either against the spin (stick left in a right spin) or with 
the spin depending primarily on the mass characteristics of the particuler 
model. Recovery is attempted by rapidly reversing the rudder from full 
with the spin to only two-thirds against the spin, by simultaneous rudder 
reversal to two-thirds against the spin, and movement of the elevator to 
either neutral or two-thirds down, or by simultaneous rudder reversal to 
two-thirds against the spin and lateral-stick movement to two-thirds with 
the spin. This control configuration and manipulation is referred to as 
the 'criterion spin,' with the particular control settings and manipula- 
tion used being dependent on the mass and dimensional characteristics of 
the model. 
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Turns for recovery sre measured from the time the controls are moved 
to the time the spin rotation ceases. Recovery characteristics of a model 
are generally considered satisfactory if recovery attempted from the cri- 
terion spin in any of the manners previously described is accomplished 

within 2~turns. This value has been selected on the basis of full-scale- 
4 

airplane spin-recovery data that are available for comsrison with cor- 
responding model test results. 

When a model recovers without control movement (rudder held with 
the spin), the results are recorded as "no spin." When a model continues 
to spin for 10 or more turns after the controls are moved for recovery, 
the result is recorded as ~0. 

Precision 

Results determined in free-spinning tunnel tests are believed to 
be true values given by models within the following limits: 

a, deg . . . . . . 
$, deg . . . . . . 
V, percent . . . . 
Q, percent . . . . 

Turns for recovery 

. . . . . . . . . . . . . . . . . . . . . . . . .  91 

......................... 21 

......................... 25 

......................... -K? 

obtained from motion-picture records . . . . . . & 
4 

Turns for recovery obtained visually e . . . . . . . . . . . . . . . g 

The preceding limits may be exceeded for certain spins in which it 
is difficult to control the model in the tunnel because of the high rate 
of descent or because of the wandering or oscillatory nature of the spin. 

The accuracy of measuring the weight and mass distribution of models 
is believed to be within the following limits: 

Weight, percent .......................... fl 
Center-of-gravity location percent C ............... +l 
Moments of inertia, percent .................... 15 

Controls are set with an accuracy of z&o. 

_~_~_ -~ 
-_- _ _ -_. ._~ _. _ __ 
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Variations in Model Mass Characteristics 

Because it is impracticable to ballast models exactly and because 
of inadvertent damage to models during tests, the measured weight and 
mass distribution of the Ryan X-13 model varied from the true scaled-down 
values within the following limits: 

Weight, percent ...................... 1 to 2 high 
Center-of-gravity location, percent E ........... lforward 

Moments of inertia: 
IX., percent ...................... 3 to 15 high 

1~~ percent ...................... 0 to 7 high 
Iz, percent ...................... I2 to 5 low 

Comparison Between Model and Airplane Results 

Comparison between model and full-scale results in reference 6 indi- 
cated that model tests accurately predicted full-scale recovery character- 
istics approximately 90 percent of the time and that for the remaining 
10 percent of the time, the model results were of value in predicting 
some of the details of the full-scale spins, such as motions in the devel- 
oped spin and proper recovery techniques. The airplanes generally spun 
at an angle of attack closer to 45O than did the corresponding models. 
The comparison presented in reference 6 also indicated that generally the 
airplanes spun with the inner wing tilted more downward and with a greater 
altitude loss per revolution than did the corresponding models, the higher 
rate of descent however, generally being associated with the smaller angle 
of attack regardless of whether it was for the airplane or the model. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE 

RYAN X-13 AIRPLANE AS SIMDLATED ON-THE 

l/18-SCALE SPIN MODEL 

Overall length, ft . . . . . . . . . . . . . . . . . . . . . . . 23.445 

Wing : 
Span,ft...........................2l.000 
Area,sqft . . . . . . . . . . . . . . . . . . . . . . . . 191.002 
Sweep at leading edge, deg . . . . . . . . . . . . . . . . . . 60 
Airfoil section - 

Root chord . . ., . . . . . . . . . . . . . . . . . . . NACA 65AOO8 
Mean aerodynamic chord (measured in wing 

chord plane), in. . . . . . . . . . . . . . . . . . . . . . 145.49 
Leading-edge mean aerodynamic chord resrwsrd of 

theoretical leading edge of wing (measured in 
wing chord plane), ft . . . . . . . . . . . . . . . . . . . 6.06 

Incidence (measured between wing chord plane and water line) - 
Root,deg . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Dihedral, deg . . . . . . . . . . . . . . . :. . . . . . . . 0 

Elevons: 
Total area, rear of hinge line, sq ft . . . . . . . . . . . . 22.095 
Hinge line in percent of local chord: 

Root, percent . . . . . . . . . . . . . . . . . . . . . . . 15 
Tip, percent . . . . . . . . . . . . . . . . . . . . . . . . 15 

span,ft........................... 6.135 

Vertical tail: 
Total srea, sq ft ...................... 47.205 
Rudder, sq ft ........................ 7.065 
Span,ft ........................... 9.150 
Airfoil section .................... NACA 65AO12 
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TABLE II.- MASS CHARACTEFUSTICS AND INERTIA PARAKEl!ERs FOR LOADINGS POSSLBLF ON THE 

RYAN X-13 AIRPLANE AND F'OR TRE LOADING TlBTE3l ON THE MODEL 

given are full-scale, and moments of inertia are given about the c.g. 1 

I I Center-of-gravity 
location 

Relative density, Moments of inertia, 
P slug-feet2 Mass parameters 

LOaditlg 
Weight, 

lb 
x/a z/E Sea Altitude, 

level 25,000 ft k IY Ix - IY IY - 12 Iz - Ix Iz - - - 
mb2 mb2 mb2 

Normal weight - full 
fuel with wheels 

Normal weight - full 
fuel with hook 

Landing weight - 
25 percent fuel 
with wheels 

Landing weight - 
23 percent fuel 
with hook 

Minimum weight - 
5 percent fuel 
with wheels 

Minimum weight - 
5 percent fuel 
with hook 

6.958 

6,696 

0.3212 -0.0767 22.65 

.3251 -.0884 21.81 

5,g08 -3232 -.0472 19.19 

5,646 -3317 -.0630 18.35 

5,628 

51366 

.3236 -.0423 18.35 

.3281 -.0554 17.40 

Airplane values 

Model values 

-86 358 I 

-76 1 433 / 
-75 437 

-70 453 

-73 461 

Normal weight - full fuel with hook 6,730 - 2954 -.0758 21.91 48.93 1644 4064 4298 -263 -25 288 
I= 
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WART l.- ERECT-SPIN AN0 RECOVEBY CHARACTERISTICS OF TRE l/18-SCA= 

XODEL OF THE RYAN x-13 AXRPLRNS 

~0X-d WEl@ loading with hook, recoveries attempted by rapid mull mdder rever**l 
Wle** otherui*a notad (recovsries attampted from, and steady-spin dot* prssented 
for. mddor-full-ufth spins); erect spins to pilot,* rlSbt] 

k 

w 
NO SPIN 

k 

Model value* 
conver‘ed Lc 
C.XP?SpO"dl"g 
full-scale values. 
" inner v,ng up 
D inner vmg *own 

*Fairly *taaay spin, *v*r*jie or rmgo oi values Sivon. 
hme condlticns possible. 
=vio1ent1y o*ci11atorg *p!.n. range or va1uns given. 
dRecovery *ttem>tod by *imltaneously reversing the rudder to full 

agninst the ssln and ao"i~~ the ailernns to full with the spin. 
BArter recovery, starts spinniz~e in the opgoslts dimctlon. 
%ecmpr attempted by simaltanecmsly rever*inS the rudder to full 

agslnst the spin Bnd aovlq the ailerons to $wlth the spin. 

BWxworg attempted by simltanemsly rerersi"~ the rudder to full 
a&,-& the spL? Bnd neutralizf~ the *il*rom. 

%aco~e~~ sttompted by aovf.n~ the ailerons to ZUllulth the spin. 
%,,o conditions possible. 
jReco"ery *tt*mptod by leaving the ailerons to 5 vlth the *pi=.. 
k titers a glide. 
~ecorery attempted by reversing the rudder to 2 asainst the spin. 
'Plocorery sttempted by sirPtltaneou*ly reverslnS3the rudder to $ against 

the spin and aoving the ailerons to 5 with the spin. 

*Recorerg attempted by simltmeously reversing the rudder to 5 ngainst 
the spin md mv,.".~ the ailerons to $ with the spin. 
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Figure l.- Three-view drawing of a l/18-scale model of the Ryan X-13 as 
tested in the Langley 20-foot free-spinning tunnel. Dimensions ase 
model values. Center-of-gravity position sholm is 29.5 percent mean 
aerodynamic chord. 
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Figure 2.- Photograph of the Ryan X-13 airplane model as tested in the
Langley 20-foot free-spinning tunnel.
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